The logistic function is shown to be solution of the Riccati equation, some second-order nonlinear ordinary differential equations and many third-order nonlinear ordinary differential equations. The list of the differential equations having solution in the form of the logistic function is presented. The simple method of finding exact solutions of nonlinear partial differential equations (PDEs) is introduced. The essence of the method is based on comparison of nonlinear differential equations obtained from PDEs with standard differential equations having solution in the form of the logistic function. The wide application of the logistic function for finding exact solutions of nonlinear differential equations is demonstrated.
Introduction
The logistic function (the sigmoid function) is determined by the following formula [1] [2] [3] Q(z) = 1 1 + e −z ,
where z is independent variable on the complex plane. We see that the logistic function has the pole of the first order on complex plane. This function can be used for finding exact solutions of nonlinear differential equations [3] [4] [5] .
Other variants of this approach without the logistic function were used in some papers before (see, for a example [6] [7] [8] [9] [10] ).
One can see that the logistic function is the solution of the first order differential equation called the Riccati equation [3] [4] [5] 
The logistic function (1) can be presented taking the hyperbolic tangent into account because of the following formula
However the logistic function is more convenient for finding exact solutions as it has been illustrated in recent papers [3] [4] [5] .
Let us show that the general solution of the Riccati equation can be expressed via the logistic function. The Riccati equation takes the form
where a, b and c are arbitrary constants. It is easy to obtain that the general solution of equation (4) can be written by means of formula
where z 0 is an arbitrary constant, B is defined via constants a, b and c from the algebraic equation
So, the logistic function is the solution of the Riccati equation to within transformations (5) . The aim of this paper is to find some nonlinear ordinary differential equations of the second and the third order with exact solutions in the form of the logistic function and to show that there are nonlinear partial differential equations having solution in the form of the logistic function. We also illustrate that one can find exact solutions of many nonlinear partial differential equations using the list of standard nonlinear ordinary differential equations.
2 Nonlinear ordinary differential equation of the second order with solution in form of logistic function
Differentiating equation (2) with respect to z we have the following secondorder differential equation
It is obvious that the logistic function Q(z) satisfies equation (7) as well. At that time if we use the equality
we obtain three other differential equation
having solutions in the form of the logistic function.
Taking into account these equations we can present the other second order nonlinear ordinary differential equations with solutions in the form of logistic function. These equations take the form
where F j (Q, Q z , . . .), j = 1, . . . , 4 are some dependencies on Q, Q z and so on.
Let us call equations (12) - (15) as the standard nonlinear differential equations.
In the present time there are a lot of different methods for finding exact solutions of nonlinear differential equations. Here we only call some of them: the singular manifold method [6, 7] that was modified by Kudryashov [3, 4, 11, 12] , the simplest equation method and some its modifications [8] [9] [10] [13] [14] [15] [16] , the tanh-method [17] [18] [19] [20] [21] [22] , the G ′ /G -expansion method [23] [24] [25] , the method for finding meromorphic solutins of nonlinear differential equations [26] [27] [28] .
However we can look for exact solutions of many nonlinear partial differential equations taking into account the list of standard equations (12) -(15) using the following simple algorithm. Let us take the nonlinear partial differential equation with the solution of the first order pole
Using the traveling wave solution
we have the nonlinear ordinary differential equation in the form
Using y = a 0 Q(z) in (18) and comparing new form of equation (18) 
Assuming
From the list of standard equations we take equation (12) at F 1 (Q) = 0
One can note that equations (21) and (23) are the same in the case ω = −k 2 and y = −k Q(z) in (21) . As a result of the comparison we find the solution of the Burgers equation (19) in the form
We obtain that the solution of the Burgers equation is expressed via the logistic function.
The logistic function as a solution of the Huxley equation
The Huxley equation takes the form
we obtain the nonlinear ordinary differential equation
From (15) we have the standard equation at F 4 = m in the form
where m is the unknown parameter. Assuming y(z) = a 0 Q(z) and comparing coefficients of equations (26) and (27) we obtain the following algebraic equations
Solving equations (28) we find values of parameters
So, there is a solution of the Huxley equation (24) expressed via the logistic function in the form
where x 0 is an arbitrary constant.
The logistic function as a solution of the Burgers -Fisher equation
Let us consider the Burgers-Fisher equation in the form
Assuming F 1 (Q) = 2 in (12) we have the standard equation in the form
Taking y = a 0 Q(z) in (33) and comparing two equations (33) and (34) we have the following algebraic equations
Solving last equations we obtain the following values parameters
The solution of equation (31) in the form of the logistic function can be written in the form
The logistic function as a solution of the modified Korteweg-de Vries equation with dissipation
The modified Korteweg-de Vries equation with dissipation can be written as the following
Taking the traveling wave solutions
in (38) we get the nonlinear ordinary differential equation in the form
After integration of (40) with respect to z we have the second-order nonlinear ordinary differential equation
where C 1 is a constant of integration. Take the standard equation in the form (10) at F 3 (Q) = 0
Substituting y = a 0 Q(z) and comparing equations (41) and (42) we obtain
Solution of the modified Korteweg-de Vries equation (38) with dissipation can be written in the form
where x 0 is arbitrary constant.
7 The third order nonlinear differential equation having solution in the form of logistic function
Differentiating (7) and (9) - (11) with respect to z and taking into account the Riccati equation in the form (3), we find 60 nonlinear ordinary differential equations of the third order with solutions in the form of the logistic function. These 60 equations can be written as the following list
We can suggest also other nonlinear ordinary differential equations of the third order taking into account equations (2) and the second-order nonlinear differential equations from section 2 because we always add or subtract from equations (45) -(104) the following expressions
where P j (Q, Q z , . . .) j = 1, . . . , 4 are some dependencies on Q, Q z , . . .. Nonlinear differential equations with solutions in the from of the logistic function can be useful for constructing exact solutions of some nonlinear partial differential equations.
Logistic function as a solution of the Gardner equation
The Gardner equations is the generalization of the modified Korteweg-de Vries equation and takes the form
Taking into account the traveling wave solutions
we have from (109) the following equation
we obtain equation (78) from the list of standard equations at
It takes the form
The solution of equation (38) is expressed by formula
Logistic function as a solution of the Kortewegde Vries equation with source
Let us demonstrate that the logistic function is a solution of the Korteweg-de Vries equation with source in the form
Using the traveling wave solutions in (116)
we obtain the equation from (116) in the form
Let us take equation (70) from our list
Assuming y = a 0 Q(z) and comparing equations (118) and (122) we have the algebraic equations
we obtain the following values of the parameters
We have the exact solution of equation (116) 
where x 0 is an arbitrary constant, γ and δ are determined by expressions (121). 
Using the traveling wave solutions
we obtain from (123) the following equation
Let us take standard equation (81) from the list of section 6 in the form
Assuming y = a 0 Q(z) and comparing two equations we have the following equations
Solving equations (127) we obtain
We obtain the following solution of equation (123) at α = ∓ u(x, t) = ± β 6 + 6 exp (
Logistic function as a solution of the generalized Kuramoto-Sivashinsky equation
Let us consider the generalized Kuramoto-Sivashinsky equation in the form
we have from (130) the nonlinear ordinary differential equation
After integration (132) with respect to z we obtain
Taking into account the standard equation in the form
The last equation can be found if we take equation (65) from our list and subtract equation of the first order
Comparing equations (133) and (134) we have the algebraic equations
Solving equations (135) we obtain the following values of parameters
We have the following exact solution of equation (130) 
Logistic function as a solution of the Kortewegde Vries equation
We demonstrate the effect of our approach for nonlinear partial differential equations with solutions having first order pole. However the method is working for other nonlinear differential equations too. Let us illustrate this one using the famous Korteweg-de Vries equation
we have from equation (138)
After integration equation (140) with respect to z we get
Let us take (82) as the standard equation
Taking into account new variable V = Q z we obtain the standard equation for variable V (z)
Assuming y = a 0 V (z) and C 1 = 0 in (141) we also have equation
Comparing two equations (143) and (144) we find that these equations are the same in case
We obtain that the solution of equation (138) in the form
This solution is the soliton of the Korteweg-de Vries equation in the form u(x, t) = 2 k
where x 0 is an arbitrary constant. We have found the famous soliton solution of the Korteweg -de Vries equation expressed via the logistic function too.
Conclusion
In this paper we have demonstrated that the logistic function is a solution of many nonlinear differential equations. We have illustrated that solutions of the the Burgers equation, the Burgers -Huxley equation, the BurgersFisher equation, the modified Korteweg -de Vries equation with dissipation, the Gardner equation, the Korteweg -de Vries equation with source, the modified Korteweg -de Vries equation with source and the generalized Kuramoto -Sivashinsky equation are expressed via the logistic function. It is clear that the logistic function can be used for construction of exact solutions of many nonlinear differential equations. We also presented the method for finding exact solutions of nonlinear partial differential equations. The basic idea of this method is the comparison of nonlinear ordinary differential equation obtained from PDE with the standard equation from the list of equations. Method is simple and do not require application of the symbolic calculations on computer.
